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(57) ABSTRACT

The present disclosure relates to computer-implemented sys-
tems and methods for establishing a wireless display connec-
tion. A user device may detect, by an RFID tag, a signal from
a wireless display device. As a result, the user device may
transmit, by the RFID tag to the wireless display device, radio
communication information. To this end, the user device and
the wireless display device may establish a radio connection.
Using the radio connection, the user device may receive wire-
less display connection information from the wireless display
device. The user device may establish, using wireless display
connection information, a streaming wireless display connec-
tion with the wireless display device.
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1
SYSTEMS AND METHODS FOR
ESTABLISHING A WIRELESS DISPLAY
CONNECTION

TECHNICAL FIELD

The present disclosure generally relates to wireless com-
munication, and in particular, to establishing a wireless dis-
play connection.

BACKGROUND

The ability to wirelessly stream display information from a
computer to a separate display device has been a recently
growing trend. Establishing a wireless display connection
between the computer and the display device, may typically
involve a relatively high degree of use interaction. For
example, a user may manually power on both the computer
and the display device. After waiting for the devices to power
on, the user may manually enter various communication cre-
dentials associated with the computer and/or the display
device before the wireless display connection may be estab-
lished.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to the accompanying figures
and diagrams, which are not necessarily drawn to scale, and
wherein:

FIG. 1 shows a block diagram of a system for establishing
a wireless display connection, according to one or more
example embodiments.

FIG. 2 shows a data flow diagram for establishing a wire-
less display connection, according to one or more example
embodiments.

FIG. 3 show a flow diagram for establishing a wireless
display connection, according to one or more example
embodiments.

FIG. 4 shows a flow diagram for establishing a wireless
display connection, according to one or more example
embodiments.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth. However, it should be understood that embodiments
of the present disclosure may be practiced without these
specific details. In other instances, well-known methods,
structures, and techniques have not been shown in detail in
order not to obscure an understanding of this description.
References to “one embodiment,” “an embodiment,”
“example embodiment,” “various embodiments,” and so forth
indicate that the embodiment(s) of the present disclosure so
described may include a particular feature, structure, or char-
acteristic, but not every embodiment necessarily includes the
particular feature, structure, or characteristic. Furthermore,
repeated use of the phrase “in one embodiment” does not
necessarily refer to the same embodiment, although it may.

As used herein, unless otherwise specified, the use of the
ordinal adjectives “first,” “second,” “third,” etc., to describe a
common object merely indicates that different instances of
like objects are being referred to and are not intended to imply
that the objects so described must be in a given sequence,
either temporally, spatially, in ranking, or in any other man-
ner.

As used herein, unless otherwise specified, the term
“mobile device” refers, in general, to a wireless communica-

10

35

40

45

65

2

tion device, and more particularly to one or more of the
following: a portable electronic device, a telephone (e.g.,
cellular phone, smart phone), a computer (e.g., laptop com-
puter, tablet computer), a portable media player, a personal
digital assistant (PDA), or any other electronic device having
a networked capability.

As used herein, unless otherwise specified, the term
“server” may refer to any computing device having a net-
worked connectivity and configured to provide one or more
dedicated services to clients, such as a mobile device. The
services may include storage of data or any kind of data
processing. One example of the server may include a web
server hosting one or more web pages. Some examples of web
pages may include social networking web pages. Another
example of a server may be a cloud server that hosts web
services for one or more computer devices.

As used herein, unless otherwise specified, the term
“receiver” may refer to any device or component capable of
receiving data, signals, information, etc. For example, a
receiver may include an antenna or any other receiving
device.

Asused herein, unless otherwise specified, the term “trans-
mitter” may refer to any device or component capable of
transmitting data, signals, information, etc. For example, a
transmitter may also include an antenna or any other trans-
mission device.

Asused herein, unless otherwise specified, the term “trans-
ceiver” may refer to any device or component capable of
performing the functions of a receiver and/or a transmitter.

According to certain embodiments, the functionality pro-
vided by the receiver and the transmitter may be included in
a single transceiver device.

The present disclosure relates to computer-implemented
systems and methods for establishing a wireless display con-
nection. According to one or more embodiments of the dis-
closure, a device is provided. The device may include a radio
transceiver and a radio frequency identification (RFID) tag.
The device may also include at least one memory for storing
data and computer-executable instructions. Additionally, the
device may also include at least one processor to access the at
least one memory and to execute the computer-executable
instructions. Furthermore, the at least one processor may be
configured to execute the instructions to detect, by the RFID
tag, a signal from a wireless display device and initiate, in
response to the signal, a transition of the user device from a
first power state to a second power state. Additionally, the at
least one processor may be configured to execute the instruc-
tions to transmit, by the RFID tag to the wireless display
device, radio communication information and establish, by
the radio transceiver based at least in part on the radio com-
munication information, a radio connection with the wireless
display device. The at least one processor may also be con-
figured to execute the instructions to receive, by the radio
transceiver from the wireless display device, wireless display
connection information associated with the wireless display
device. The at least one processor may also be configured to
execute the instructions to establish, based at least in part on
the wireless connection information, a streaming wireless
display connection with the wireless display device.

According to one or more embodiments of the disclosure,
a method is provided. The method may include detecting, by
a computer, a signal from a wireless display device. The
computer may include one or more processors, a radio trans-
ceiver, and an RFID tag. The method may also include
switching, by the computer in response to the signal, from a
first power state to a second power state and transmitting, by
the RFID tag to the wireless display device, radio communi-
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cation information. Additionally, the method may include
establishing, by the radio transceiver based at least in part on
the radio communication information, a radio connection
with the wireless display device. The method may also
include receiving, by the radio transceiver from the wireless
display device, wireless display connection information asso-
ciated with the wireless display device. Further still, the
method may include establishing, based at least in part on the
wireless display connection information, a streaming wire-
less display connection with the wireless display device.

According to one or more embodiments of the disclosure,
a device is provided. The device may include a radio trans-
ceiver and aradio frequency identification (RFID) reader. The
device may also include at least one memory for storing data
and computer-executable instructions. Additionally, the
device may also include at least one processor to access the at
least one memory and to execute the computer-executable
instructions. Furthermore, the at least one processor may be
configured to receive a user indication to switch the display
device to a powered state and emit, by the RFID reader in
response to the user indication, one or more broadcast signals.
Additionally, the at least one processor may be configured to
execute the instructions to receive, by the RFID reader in
response to the one or more broadcast signals, radio commu-
nication information associated with a user device and estab-
lish, by the radio transceiver based at least in part on the radio
communication information, a radio connection with the user
device. The at least one processor may also be configured to
execute the instructions to transmit, by the radio transceiver
using the radio connection, wireless display connection infor-
mation to the user device. The at least one processor may also
be configured to execute the instructions to establish, based at
least in part on the wireless display connection information, a
streaming wireless display connection with the user device.

According to one or more embodiments of the disclosure,
a non-transitory computer-readable medium is provided. The
non-transitory computer-readable medium may have embod-
ied thereon instructions executable by one or more proces-
sors. The instructions may cause the one or more processors
to detect, by an RFID tag, a signal from a wireless display
device and initiate, in response to the signal, a transition from
a first power state to a second power state. Additionally, the
computer-readable medium may include instructions to
transmit, by the RFID tag to the wireless display device, radio
communication information and establish, by the radio trans-
ceiver based at least in part on the radio communication
information, a radio connection with the wireless display
device. Moreover, the computer-readable medium may
include instructions to receive, by the radio transceiver from
the wireless display device, wireless display connection
information associated with the wireless display device. Fur-
ther still, the computer-readable medium may include
instructions to establish, based at least in part on the wireless
connection information, a streaming wireless display connec-
tion with the wireless display device.

The above principles, as well as perhaps others, are now
illustrated with reference to FIG. 1, which depicts a system
100 for establishing a wireless display connection. The sys-
tem 100 may include a user device 102 having one or more
computer processors 104, a memory 106, which may store a
wireless display application 108, a radio transceiver 110, a
radio-frequency identification (RFID) tag 112, network and
input/output (I/O) interfaces 114, and a display 116 in com-
munication with each other. The system 100 may also include
a network 120 to facilitate communication between the user
device 102 and one or more wireless display devices 122. The
wireless display device 122 may include one or more com-
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4

puter processors 124, a memory 126, a wireless display radio
transceiver 128, an RFID reader 130, a network and input/
output (I/0) interfaces 132, and a display 134 in communi-
cation with each other. It will be appreciated that all radio
transceivers described with respect to the user device 102 and
wireless display device(s) 122 may be configured to receive
and/or transmit any type of radio signals (e.g., WiFi radio
signals, Bluetooth radio signals, Bluetooth Low-Energy radio
signals, etc.).

The computer processors 104/124 may comprise one or
more cores and may be configured to access and execute (at
least in part) computer-readable instructions stored in the
memory 106/126. The one or more computer processors 104/
124 may include, without limitation: a central processing unit
(CPU), a digital signal processor (DSP), a reduced instruction
set computer (RISC), a complex instruction set computer
(CISC), amicroprocessor, a microcontroller, a field program-
mable gate array (FPGA), or any combination thereof. The
user devices 102 may also include a chipset (not shown) for
controlling communications between the one or more proces-
sors 104/124 and one or more of the other components of the
user device 102. In certain embodiments, the user device 102
may be based on an Intel® architecture or an ARM® archi-
tecture, and the processor(s) and chipset may be froma family
of Intel® processors and chipsets. The one or more processors
104 may also include one or more application-specific inte-
grated circuits (ASICs) or application-specific standard prod-
ucts (ASSPs) for handling specific data processing functions
or tasks.

The memory 106/126 may comprise one or more com-
puter-readable storage media (CRSM). In some embodi-
ments, the memory 106/126 may include non-transitory
media such as random access memory (RAM), flash RAM,
magnetic media, optical media, solid-state media, and so
forth. The memory 106 may be volatile (in that information is
retained while providing power) or non-volatile (in that infor-
mation is retained without providing power). Additional
embodiments may also be provided as a computer program
product including a transitory machine-readable signal (in
compressed or uncompressed form). Examples of machine-
readable signals include, but are not limited to, signals carried
by the Internet or other networks. For example, distribution of
software via the Internet may include a transitory machine-
readable signal. Additionally, the memory 106/126 may store
an operating system that includes a plurality of computer-
executable instructions that may be implemented by the com-
puter processor 104/124 to perform a variety of tasks to
operate the interface(s) and any other hardware installed on
the user device 102. The memory 106/126 may also store
content that may be displayed by the user device 102 or
transferred to other devices (e.g., headphones) to be displayed
or played by the other devices. The memory 106/126 may also
store content received from the other devices. The content
from the other devices may be displayed, played, or used by
the user device 102 to perform any necessary tasks or opera-
tions that may be implemented by the computer processor
104/124 or other components in the user device 102/122.

The network and I/0 interfaces 114/134 may also comprise
one or more communication interfaces or network interface
devices to provide for the transfer of data between the user
device 102 and another device (e.g., network server) via a
network (not shown). The communication interfaces may
include, but are not limited to: personal area networks
(PANS), wired local area networks (LANs), wireless local
area networks (WLANs), wireless wide area networks
(WWANS), and so forth. The user device 102 may be coupled
to the network via a wired connection. However, the wireless
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system interfaces may include the hardware and software to
broadcast and receive messages either using the Wi-Fi Direct
Standard (see Wi-Fi Direct specification published in October
2010) and/or the IEEE 802.11 wireless standard (see IEEE
802.11-2012, published Mar. 29, 2012), the Bluetooth stan-
dard, or any other wireless standard and/or a combination
thereof. The wireless system (not shown) may include a trans-
mitter and a receiver or a transceiver capable of operating in
a broad range of operating frequencies governed by the IEEE
802.11 wireless standards. The communication interfaces
may utilize acoustic, radio frequency, optical, or other signals
to exchange data between the user device 102 and another
device such as an access point, a host computer, a server, a
router, a reader device, and the like. The network 120 may
include, but is not limited to: the Internet, a private network,
a virtual private network, a wireless wide area network, a
local area network, a metropolitan area network, a telephone
network, and so forth.

The display 116/134 may include, but is not limited to, a
liquid crystal display, a light-emitting diode display, or an
E-Ink™ display as made by E Ink Corp. of Cambridge, Mass.
The display may be used to show content to a user in the form
of'text, images, or video. In certain instances, the display may
also operate as a touch screen display that may enable the user
to initiate commands or operations by touching the screen
using certain finger or hand gestures.

Broadly, a user of the user device 102 may wish to establish
a streaming wireless display connection with a wireless dis-
play device 122. According to certain embodiments, a stream-
ing wireless display connection may be established between
theuser device 102 and the wireless display device 122 during
apower-on sequence of the wireless display device 122 (e.g.,
while the wireless display device 122 switches from a no-
power and/or low-power state to a full power state). Addition-
ally, the streaming wireless display connection may include,
but is not limited to, a Wi-Fi Direct connection, a Miracast
connection, and/or other types of wireless display connec-
tions. Furthermore, the streaming wireless display connec-
tion may be established with relatively few instances of user
interaction with the user device 102 and/or the wireless dis-
play device 122.

For example, in order to establish the streaming wireless
display connection, a user may provide an indication and/or
initiate a power-on sequence by the wireless display device.
For instance, the wireless display device 122 may include any
type of mechanism, such as a button, switch, and/or the like,
that the user can interact with to initiate the power-on
sequence. As used herein, a power-on sequence may include
a

process by which the wireless display device 122 switches
from a lower power state to a higher power state (e.g., from an
off-state to an on-state).

In response to the initiation of the power-on sequence, the
RFID reader 130 on the wireless display device 122 may be
configured to transmit a broadcast signal. In some embodi-
ments, the RFID reader 130 may transmit the broadcast signal
in the form of a magnetic field. To this end, the RFID tag 112
in the user device 102 may be configured to receive and/or
detect the broadcast signal. In instances where the broadcast
signal includes a magnetic field, the RFID tag 112 may be
energized by the magnetic field (e.g., thereby detecting the
broadcast signal of the RFID reader 130) if it is located within
a certain proximity (e.g., approximately 1.5 meters) to the
magnetic field.

According to one or more embodiments, upon detecting
the broadcast signal (e.g., being energized by the magnetic
field), the RFID tag 112 may be configured initiate a “wake-
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up” sequence for the user device 102. For instance, the RFID
tag 112 may transmit instructions to the user device 102 (e.g.,
to the wireless display application 108) that cause the user
device 102 to transition from a first power state (e.g., a sleep
state) to a second power state (e.g., a full-power state). As
another example, the user device 102 may be a mobile device
in sleep mode with its display 116 in an OFF state. If the
mobile device is placed within range of a magnetic field
emitted by the RFID reader 130, the RFID tag 112 may be
configured to initiate a “wake-up” sequence. As a result, the
mobile device may transition to a fully powered state, which
may also cause its display to be switched to an ON state.

Furthermore, RFID tag 112 may be configured to perform
additional operations upon detecting the broadcast signal of
the wireless display device 122 (e.g., the RFID reader 130).
For example, the RFID tag 112 may transmit radio commu-
nication information to the RFID reader 130 of the display
device 122. The radio communication information may
include any type of data that facilitates the establishment of a
radio connection between the user device 102 and the wire-
less display device 122. For example, the radio communica-
tion information may include a network address identifier
(e.g., a media access control (MAC) address), a pairing key,
and/or the like associated with the radio transceiver 110 of the
user device 102. In certain implementations, the radio com-
munication information may be stored on the user device 102,
such as in memory 106. Alternatively, the radio communica-
tion information may be stored in any storage location, both
local and/or remote to the user device 102. Uponreceiving the
radio communication information from the RFID tag 112, the
RFID reader 130 may provide the radio communication infor-
mation to the wireless display radio transceiver 128 of the
wireless display device 122.

According to certain embodiments, wireless display radio
transceiver 128 may establish, based at least in part on the
received radio communication information, a radio connec-
tion with the radio transceiver 110 of the user device 102. For
instance, as discussed above, the radio communication infor-
mation may include a MAC address and/or pairing key asso-
ciated with the radio transceiver 110. To this end, the wireless
display radio transceiver 128 may pair and/or otherwise con-
nect with the radio transceiver 110 of the user device 102
using the MAC address and/or pairing key.

Upon establishing a radio connection between the wireless
display radio transceiver 128 and the radio transceiver 110,
the user device 102 (e.g., via the wireless display application
108) may prompt and/or otherwise provide an indication
(e.g., via display 116) to the user to confirm an intention to
establish a streaming wireless display connection with the
wireless display device 122. For example, the indication may
include a message to instruct the user to enter a certain key
combination, touch gesture, and/or any other type of input to
confirm an intention to establish a streaming wireless display
connection. Upon receiving confirmation input from the user,
such as by the wireless display application 108, the wireless
display application 108 may direct the radio transceiver 110
to transmit a request, to the wireless display radio transceiver
128, for wireless display connection information.

In response to the request, the wireless display radio trans-
ceiver 128 may be configured to transmit wireless display
connection information to the radio transceiver 110. The
wireless display connection information may include any
type data that may facilitate a streaming wireless display
connection between the user device 102 and the wireless
display device 122. For instance, the wireless display connec-
tion information may include a wireless display identifier
and/or a personal identification number (PIN) associated with
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the wireless display device 122. Upon receipt of the wireless
display connection by the radio transceiver 110, a streaming
wireless display connection may be established between the
user device 102 and the wireless display device 122. In certain
embodiments, the streaming wireless display connection may
be established between the radio transceiver 110 of the user
device 102 and the wireless display radio transceiver 128.
Alternatively, one or more other radio transceivers (not illus-
trated) included in either the user device 102 and/or the wire-
less display device 122 may be configured to establish the
streaming wireless display connection using the wireless dis-
play connection information.

In other embodiments, the wireless display radio trans-
ceiver 128 may be configured to automatically transmit, upon
establishing a radio connection with the radio transceiver
110, the wireless display connection information to the radio
transceiver 110. As discussed above, a streaming wireless
display connection may then be established, using the wire-
less display connection information, between the user device
102 and the wireless display device. Furthermore, the stream-
ing wireless display connection may be established without
user input and/or confirmation of an intention to establish the
connection.

It will be appreciated that while the foregoing description
has referenced the use of RFID technology (e.g., RFID tag
112 and RFID reader 130), any other type of proximity detec-
tion methods are also contemplated within the present disclo-
sure. For example, other wireless protocols such as Wi-Fi,
Bluetooth, Bluetooth-Low Energy, and/or the like may also
be used.

FIG. 2 provides a diagram illustrating a data flow 200
between a user, a user device 102, and a wireless display
device 122 in accordance with one or more example embodi-
ments. The data flow 200 may describe a process by which the
user device 102 may establish a streaming wireless display
connection with a wireless display device 122.

In accordance with one or more embodiments of the data
flow 200, a user 202 may provide an indication 206 to the
wireless display device 122 to switch the wireless display
device 122 to a powered state. For example, the wireless
display device may be a display projector in an OFF state. The
user 202 may press a power button located on the display
projector to switch the display projector from an OFF state to
a powered or ON state. Upon switching to the powered state,
the wireless display device 122 may be configured to transmit
abroadcast signal 208. In certain embodiments, the transmis-
sion of the broadcast signal 208 may include emitting a mag-
netic field, such as by an RFID reader 130 included in the
wireless display device 122.

In certain implementations, upon detecting the broadcast
signal, the user device 102 may transition from a first power
state to a second power state (e.g., from a sleep power state to
awake and/or fully powered state). For instance, the RFID tag
112 of the user device may become energized upon entering
within a certain proximity of a magnetic field emitted by the
RFID reader 130 (e.g., 1.5 meters) of the wireless display
device 122. Upon being energized, the RFID tag 112 may be
configured to transmit instructions to initiate a “wake-up”
sequence by the user device 102. Such a sequence may cause
the user device 102 to switch from the first power state to the
second power state.

Furthermore, upon detecting and/or otherwise receiving
the broadcast signal, the user device 102 may also be config-
ured to transmit radio communication information 210 to the
wireless display device 122. For example, the RFID tag 112
of'the user device 112, upon entering within the certain prox-
imity of the magnetic field of the RFID reader 130, may be
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configured to transmit the radio communication information
210 to the RFID reader 130. As previously discussed, the
radio communication information may include a network
address identifier, a pairing key, and/or any other identifying
information associated with the radio transceiver 110.

The wireless display device 122 may receive the radio
communication information and in response, may transmit a
radio pairing request 212 back to the user device 102. As a
result, aradio connection 214 may be established between the
user device 012 and the wireless display device 122 (e.g.,
between the radio transceiver 110 and the wireless display
radio transceiver 128) using the radio communication infor-
mation. In certain embodiments, once the radio connection as
been established, the user device 102 may wait for an input by
the user 202 to indicate an intention to establish a streaming
wireless display connection with the wireless display device.
In someinstances, if the user device 102 does not receive such
an indication within a predetermined time limit (e.g., one
minute), the user device 102 may switch back to a sleep state
(e.g., the first state). Otherwise, the user device 102 may
receive an indication and/or request 216 from the user to
establish the streaming wireless display connection. For
example, a user 202 may provide a particular input combina-
tion (e.g., via akeyboard, touch gesture, voice command, etc.)
to the user device 102.

Upon receipt of the indication 216, the user device may
request a streaming wireless display connection 218 with the
wireless display device 204. For example, the radio trans-
ceiver 110 may transmit the request 218 to the wireless dis-
play radio transceiver 128. In response, the wireless display
device 204 may transmit (e.g., via the wireless display trans-
ceiver 128) wireless display connection information 220 to
the user device 102. As previously discussed, the wireless
display connection information may include a wireless dis-
play identifier and/or a PIN associated with the wireless dis-
play device 122. To this end, the user device 102 may estab-
lish, based at least in part on the wireless display connection
information, a streaming wireless display connection 222
with the wireless display device 122. As a result, the user
device 102 may be configured to wirelessly transmit display
data 224 to the wireless display device 122. In some imple-
mentations, the streaming wireless display connection 222
may be established between the radio transceiver 110 and the
wireless display radio transceiver 128. Alternatively, the
streaming wireless display connection may established with
different radio transceivers.

It will be appreciated that the data flow 200 illustrated in
FIG. 2 is not limited to any particular sequence and that
communication between the user 202, user device 102, and
the wireless display device 122, may be interleaved in any
combination. Furthermore, it will be appreciated that in some
implementations, communication between radio transceivers
may be performed using short-wavelength radio signals (e.g.,
Bluetooth and/or Bluetooth Low-Energy). However, any
other type of wireless signals are also contemplated and may
be transmitted and/or received as broadcast signals, connec-
tion requests, and/or connection responses. In certain imple-
mentations, a streaming wireless display connection may be
established automatically by the wireless display application
108 of the user device 102. In other implementations, such a
connection may be established at a user’s 202 selection and/
or input.

Referring now to FIG. 3, a flow diagram of a method 300 is
illustrated for establishing a wireless display connection in
accordance with one or more example embodiments. The
method 300 may generally describe operations from the per-
spective of a user device. As such, the method 300 may begin
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in block 310, where a user device 102 may be configured to
identify a signal from a wireless display device 122. The user
device 102 may include one or more processors 104, a radio
transceiver 110, and an RFID tag 110. In block 320, the user
device 102 may switch, in response to the signal, from a first
power state to a second power state (e.g., from a sleep state to
a wake and/or full-power state). In block 330, the user device
102 may transmit, by the RFID tag 112 to the wireless display
device 122, radio communication information. In certain
implementations, the RFID tag 112 may be a passive device
though in other implementations, the RFID tag 112 may be
active as well. Furthermore, in certain cases such a request
may be transmitted using short-wavelength radio signals,
such as Bluetooth signals and/or Bluetooth Low-Energy sig-
nals.

In block 340, the user device 102 may be configured to
establish, by the radio transceiver 110 based at least in part on
the radio communication information, a radio connection
with the wireless display device 122. In block 350, the user
device 102 may receive, by the radio transceiver 110 from the
wireless display device 122, wireless display connection
information associated with the wireless display device 122.
Inblock 360, the user device 102 may be configured to estab-
lish, based at least in part on the wireless display connection
information, a streaming wireless display connection with the
wireless display device 122.

Referring now to FIG. 4, a flow diagram of a method 400 is
provided that depicts establishing a wireless display connec-
tion in accordance with one or more example embodiments.
The method 400 may generally describe operations from the
perspective a wireless display device (e.g., wireless display
device 122). As such, the method 400 may begin in block 410,
where a display device, such as a wireless display device 122,
may receive a user indication to switch to a powered state.
Additionally, the wireless display device 122 may include a
radio transceiver 128, an RFID reader 130, and one or more
processors. In block 420, the wireless display device 122 may
be configured to emit, by the RFID reader 130, a one or more
broadcast signals in response to the user indication to switch
to a powered state.

In block 430, the wireless display device 122 may be con-
figured to receive, by the RFID reader 130 in response to the
one or more broadcast signals, radio communication infor-
mation associated with a user device (e.g., user device 102).
To this end, in block 440, the wireless display device 122 may
be configured to establish, based at least in part on the radio
communication information, a radio connection with the user
device 102. In block 450, the wireless display device 122 may
be configured to transmit, by the radio transceiver 128 using
the radio connection, wireless display connection informa-
tion to the user device 102. In block 460, the wireless display
device 122 may establish, based atleast in part on the wireless
display connection information, a streaming wireless display
connection with the user device 102.

Certain embodiments of the present disclosure are
described above with reference to block and flow diagrams of
systems and methods and/or computer program products
according to example embodiments of the present disclosure.
It will be understood that one or more blocks of the block
diagrams and flow diagrams, and combinations of blocks in
the block diagrams and flow diagrams, respectively, can be
implemented by computer-executable program instructions.
Likewise, some blocks of the block diagrams and flow dia-
grams may not necessarily need to be performed in the order
presented, or may not necessarily need to be performed at all,
according to some embodiments of the present disclosure.
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These computer-executable program instructions may be
loaded onto a general-purpose computer, a special-purpose
computer, a processor, or other programmable data process-
ing apparatus to produce a particular machine, such that the
instructions that execute on the computer, processor, or other
programmable data processing apparatus create means for
implementing one or more functions specified in the flow
diagram block or blocks. These computer program instruc-
tions may also be stored in a computer-readable memory that
can direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the
instructions stored in the computer-readable memory pro-
duce an article of manufacture including instruction means
that implement one or more functions specified in the flow
diagram block or blocks. As an example, embodiments of the
present disclosure may provide for a computer program prod-
uct, comprising a computer-usable medium having a com-
puter-readable program code or program instructions embod-
ied therein, said computer-readable program code adapted to
be executed to implement one or more functions specified in
the flow diagram block or blocks. The computer program
instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a series of
operational elements or steps to be performed on the com-
puter or other programmable apparatus to produce a com-
puter-implemented process such that the instructions that
execute on the computer or other programmable apparatus
provide elements or steps for implementing the functions
specified in the flow diagram block or blocks.

Accordingly, blocks of the block diagrams and flow dia-
grams support combinations of means for performing the
specified functions, combinations of elements or steps for
performing the specified functions and program instruction
means for performing the specified functions. It will also be
understood that each block of the block diagrams and flow
diagrams, and combinations of blocks in the block diagrams
and flow diagrams, can be implemented by special-purpose,
hardware-based computer systems that perform the specified
functions, elements or steps, or combinations of special-pur-
pose hardware and computer instructions.

While certain embodiments of the present disclosure have
been described in connection with what is presently consid-
ered to be the most practical and various embodiments, it is to
be understood that the present disclosure is not to be limited
to the disclosed embodiments, but is intended to cover various
modifications and equivalent arrangements included within
the scope of the appended claims. Although specific terms are
employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.

This written description uses examples to disclose certain
embodiments of the present disclosure, including the best
mode, and also to enable any person skilled in the art to
practice certain embodiments of the present disclosure,
including making and using any devices or systems and per-
forming any incorporated methods. The patentable scope of
certain embodiments of the present disclosure is defined in
the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural elements
that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial
differences from the literal language of the claims.

EXAMPLES

Example 1 is a user device, comprising: a radio transceiver;
a radio-frequency identification (RFID) tag; at least one pro-
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cessor; and at least one memory storing instructions, that
when executed by the at least one processor, causes that at
least one processor to: detect, by the RFID tag, a signal from
a wireless display device; initiate, in response to the signal, a
transition of the user device from a first power state to a
second power state; transmit, by the RFID tag to the wireless
display device, radio communication information; establish,
by the radio transceiver based at least in part on the radio
communication information, a radio connection with the
wireless display device; receive, by the radio transceiver from
the wireless display device, wireless display connection
information associated with the wireless display device; and
establish, based at least in part on the wireless connection
information, a streaming wireless display connection with the
wireless display device.

In Example 2, the subject matter of Example 1 can option-
ally include a second radio transceiver to establish the stream-
ing wireless display connection with the wireless display
device.

In Example 3, the subject matter of Example 1 can option-
ally include further instructions that cause the at least one
processor to: transmit, using the streaming wireless display
connection, display data to the wireless display device.

In Example 4, the subject matter of Example 1 can option-
ally include that the instructions to receive the wireless dis-
play connection information further comprises instructions
to: receive, from a user, an indication to establish the stream-
ing wireless display connection with the wireless display
device; transmit, by the radio transceiver to the wireless dis-
play device, a request for the wireless display connection
information; and receive the wireless display connection
information in response to the request.

In Example 5, the subject matter of Example 4 can option-
ally include that the instructions to receive the indication from
the user, further comprise instructions to: receive a combina-
tion of one or more keystrokes from the user to indicate an
intention to establish the streaming wireless display connec-
tion.

In Example 6, the subject matter of Example 1 can option-
ally include that the instructions to detect the signal further
comprise instructions to: detect a magnetic field associated
with the wireless display device, wherein the RFID tag is
energized by the magnetic field.

In Example 7, the subject matter of Example 1 can option-
ally include that the radio communication information com-
prises at least one of a network address identifier or a pairing
key.

In Example 8, the subject matter of Example 1 can option-
ally include that wherein the wireless display connection
information comprises at least one of a wireless display iden-
tifier or a personal identification number.

In Example 9, the subject matter of Example 1 can option-
ally include that the radio transceiver is a Bluetooth Low-
Energy transceiver.

In Example 10, the subject matter of Example 1 can option-
ally include that the first power state is a sleep state, and the
second power state is a full power state.

Example 11 is a method for wireless communication com-
prising: detecting, by a computer, a signal from a wireless
display device, the computer comprising one or more proces-
sors, a radio transceiver, and a radio-frequency identification
(RFID) tag; switching, by the computer in response to the
signal, from a first power state to a second power state; trans-
mitting, by the RFID tag to the wireless display device, radio
communication information; establishing, by the radio trans-
ceiver based at least in part on the radio communication
information, a radio connection with the wireless display
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device; receiving, by the radio transceiver from the wireless
display device, wireless display connection information asso-
ciated with the wireless display device; and establishing,
based at least in part on the wireless display connection infor-
mation, a streaming wireless display connection with the
wireless display device.

In Example 12, the subject matter of Example 11 can
optionally include that the computer further comprises a sec-
ond radio transceiver to establish the streaming wireless dis-
play connection with the wireless display device.

In Example 13, the subject matter of Example 11 can
optionally include transmitting, by the computer using the
streaming wireless display connection, display data to the
wireless display device.

In Example 14, the subject matter of Example 11 can
optionally include that receiving the wireless display connec-
tion information further comprises: receiving, from a user, an
indication to establish the streaming wireless display connec-
tion with the wireless display device; transmitting, by the
radio transceiver to the wireless display device, a request for
the wireless display connection information; and receiving
the wireless display connection information in response to the
request.

In Example 15, the subject matter of Example 11 can
optionally include that the radio communication information
comprises at least one of a network address identifier or a
pairing key.

In Example 16, the subject matter of Example 11 can
optionally include that the wireless display connection infor-
mation comprises at least one of a wireless display identifier
or a personal identification number.

Example 17 is a display device, comprising: a radio trans-
ceiver; a radio-frequency identification (RFID) reader; at
least one processor; and at least one memory storing com-
puter-executable instructions, that when executed by the at
least one processor, causes the at least one processor to:
receive a user indication to switch the display device to a
powered state; emit, by the RFID reader in response to the
user indication, one or more broadcast signals; receive, by the
RFID reader in response to the one or more broadcast signals,
radio communication information associated with a user
device; establish, by the radio transceiver based at least in part
on the radio communication information, a radio connection
with the user device; transmit, by the radio transceiver using
the radio connection, wireless display connection informa-
tion to the user device; and establish, based at least in part on
the wireless display connection information, a streaming
wireless display connection with the user device.

In Example 18, the subject matter of Example 17 can
optionally include that the at least one memory further com-
prises computer-executable instructions that cause the at least
one processor to: receive, using the streaming wireless dis-
play connection, display data from the user device; and dis-
play one or more images associated with the display data.

In Example 19, the subject matter of Example 17 can
optionally include that the at least one memory further com-
prises computer-executable instructions that cause the at least
one processor to: switch the RFID reader to an unpowered
state upon establishing the streaming wireless display con-
nection with the user device.

In Example 20, the subject matter of Example 17 can
optionally include that the streaming wireless display con-
nection is established during a power-on sequence of the
display device.
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In Example 21, the subject matter of Example 17 can
optionally include that the radio communication information
comprises at least one of a network address identifier or a
pairing key.

In Example 22, the subject matter of Example 17 can
optionally include that the wireless display connection infor-
mation comprises at least one of a wireless display identifier
or a personal identification number.

Example 23, the subject matter of Example 17 can option-
ally include a second radio transceiver to establish the stream-
ing wireless display connection with the wireless display
device.

Example 24 is a non-transitory computer-readable medium
comprising instructions, that when executed by at least one
processor, cause the at least one processor to: detect, by an
RFID tag, a signal from a wireless display device; initiate, in
response to the signal, a transition from a first power state to
asecond power state; transmit, by the RFID tag to the wireless
display device, radio communication information; establish,
by the radio transceiver based at least in part on the radio
communication information, a radio connection with the
wireless display device; receive, by the radio transceiver from
the wireless display device, wireless display connection
information associated with the wireless display device; and
establish, based at least in part on the wireless connection
information, a streaming wireless display connection with the
wireless display device.

In Example 25, the subject matter of Example 24 can
optionally include that the computer-executable instructions
further cause the at least one processor to: transmit, using the
streaming wireless display connection, display data to the
wireless display device.

In Example 26, the subject matter of Example 24 can
optionally include that the computer-executable instructions
further cause the at least one processor to: determine, for the
respective inaudible audio signals, respective signal-to-noise
information.

In Example 27, the subject matter of Example 24 can
optionally include that the computer-executable instructions
to receive the wireless display connection information further
comprises instructions to: receive, from a user, an indication
to establish the streaming wireless display connection with
the wireless display device; transmit, by the radio transceiver
to the wireless display device, a request for the wireless
display connection information; and receive the wireless dis-
play connection information in response to the request.

In Example 28, the subject matter of Example 24 can
optionally include that the computer-executable instructions
to detect the signal further comprise instructions to: detect a
magnetic field associated with the wireless display device,
wherein the RFID tag is energized by the magnetic field.

In Example 29, the subject matter of Example 24 can
optionally include that the radio communication information
comprises at least one of a network address identifier or a
pairing key.

In Example 30, the subject matter of Example 24 can
optionally include that the wireless display connection infor-
mation comprises at least one of a wireless display identifier
or a personal identification number.

Example 31 is an apparatus, comprising: means for detect-
ing, a magnetic field emitted from a wireless display device;
means for switching, in response to the magnetic field, from
a first power state to a second power state; means for trans-
mitting, to the wireless display device in response to the
magnetic field, radio communication information; means for
establishing, based at least in part on the radio communica-
tion information, a radio connection with the wireless display
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device; means for receiving, from the wireless display device,
wireless display connection information associated with the
wireless display device; and means for establishing, based at
least in part on the wireless display connection information, a
streaming wireless display connection with the wireless dis-
play device.

In Example 32, the subject matter of Example 31 can
optionally include means for transmitting, using the stream-
ing wireless display connection, display data to the wireless
display device.

In Example 33 the subject matter of Example 31 can
optionally include that the means for receiving the wireless
display connection information further comprises: means for
receiving, from a user, an indication to establish the streaming
wireless display connection with the wireless display device;
means for transmitting, to the wireless display device, a
request for the wireless display connection information; and
means for receiving the wireless display connection informa-
tion in response to the request.

In Example 34 the subject matter of Example 31 can
optionally include that the means for receiving the indication
from the user, further comprise: means for receiving a com-
bination of one or more keystrokes from the user to indicate
an intention to establish the streaming wireless display con-
nection.

In Example 35 the subject matter of Example 31 can
optionally include that the radio communication information
comprises at least one of a network address identifier or a
pairing key.

In Example 36 the subject matter of Example 31 can
optionally include that the wireless display connection infor-
mation comprises at least one of a wireless display identifier
or a personal identification number.

In Example 37 the subject matter of Example 31 can
optionally include that the radio transceiver is a Bluetooth
Low-Energy transceiver.

In Example 38 the subject matter of Example 31 can
optionally include that the first power state is a sleep state, and
the second power state is a full power state.

What is claimed is:

1. A user device, comprising:

a radio transceiver;

a radio-frequency identification (RFID) tag;

at least one processor; and

at least one memory storing instructions, that when

executed by the at least one processor, causes that at least

one processor to:

detect, by the RFID tag, a signal from a wireless display
device;

initiate, in response to the signal, a transition of the user
device from a first power state to a second power state;

transmit, by the RFID tag to the wireless display device,
radio communication information;

establish, by the radio transceiver based at least in part
on the radio communication information, a radio con-
nection with the wireless display device;

receive, by the radio transceiver from the wireless dis-
play device, wireless display connection information
associated with the wireless display device; and

establish, based at least in part on the wireless connection

information, a streaming wireless display connection

with the wireless display device.

2. The user device of claim 1, further comprising a second
radio transceiver to establish the streaming wireless display
connection with the wireless display device.

3. The user device of claim 1, further comprising instruc-
tions that cause the at least one processor to:
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transmit, using the streaming wireless display connection,

display data to the wireless display device.

4. The user device of claim 1, wherein the instructions to
receive the wireless display connection information further
comprises instructions to:

receive, from a user, an indication to establish the stream-

ing wireless display connection with the wireless dis-
play device;

transmit, by the radio transceiver to the wireless display

device, a request for the wireless display connection
information; and

receive the wireless display connection information in

response to the request.

5. The user device of claim 4, wherein the instructions to
receive the indication from the user, further comprise instruc-
tions to:

receive a combination of one or more keystrokes from the

user to indicate an intention to establish the streaming
wireless display connection.

6. The user device of claim 1, wherein the instructions to
detect the signal further comprise instructions to:

detect a magnetic field associated with the wireless display

device, wherein the RFID tag is energized by the mag-
netic field.

7. The user device of claim 1, wherein the radio commu-
nication information comprises at least one of a network
address identifier or a pairing key.

8. The user device of claim 1, wherein the wireless display
connection information comprises at least one of a wireless
display identifier or a personal identification number.

9. The user device of claim 1, wherein the radio transceiver
is a Bluetooth Low-Energy transceiver.

10. The user device of claim 1, wherein the first power state
is a sleep state, and the second power state is a full power state.

11. A method, comprising:

detecting, by a computer, a signal from a wireless display

device, the computer comprising one or more proces-
sors, a radio transceiver, and a radio-frequency identifi-
cation (RFID) tag;

switching, by the computer in response to the signal, from

a first power state to a second power state;
transmitting, by the RFID tag to the wireless display
device, radio communication information;

establishing, by the radio transceiver based at least in part

on the radio communication information, a radio con-
nection with the wireless display device;

receiving, by the radio transceiver from the wireless dis-

play device, wireless display connection information
associated with the wireless display device; and
establishing, based at least in part on the wireless display
connection information, a streaming wireless display
connection with the wireless display device.

12. The method of claim 11, wherein the computer further
comprises a second radio transceiver to establish the stream-
ing wireless display connection with the wireless display
device.

13. The method of claim 11, further comprising transmit-
ting, by the computer using the streaming wireless display
connection, display data to the wireless display device.

14. The method of claim 11, wherein receiving the wireless
display connection information further comprises:

receiving, from a user, an indication to establish the stream-

ing wireless display connection with the wireless dis-
play device;

transmitting, by the radio transceiver to the wireless dis-

play device, a request for the wireless display connec-
tion information; and
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receiving the wireless display connection information in

response to the request.

15. The method of claim 11, wherein the radio communi-
cation information comprises at least one of a network
address identifier or a pairing key.

16. The method of claim 11, wherein the wireless display
connection information comprises at least one of a wireless
display identifier or a personal identification number.

17. A display device, comprising:

a radio transceiver;

a radio-frequency identification (RFID) reader;

at least one processor; and

at least one memory storing computer-executable instruc-

tions, that when executed by the at least one processor,

causes the at least one processor to:

receive a user indication to switch the display device to
a powered state;

emit, by the RFID reader in response to the user indica-
tion, one or more broadcast signals;

receive, by the RFID reader in response to the one or
more broadcast signals, radio communication infor-
mation associated with a user device;

establish, by the radio transceiver based at least in part
on the radio communication information, a radio con-
nection with the user device;

transmit, by the radio transceiver using the radio con-
nection, wireless display connection information to
the user device; and

establish, based at least in part on the wireless display
connection information, a streaming wireless display
connection with the user device.

18. The display device of claim 17, wherein the at least one
memory further comprises computer-executable instructions
that cause the at least one processor to:

receive, using the streaming wireless display connection,

display data from the user device; and

display one or more images associated with the display

data.

19. The display device of claim 17, wherein the at least one
memory further comprises computer-executable instructions
that cause the at least one processor to:

switch the RFID reader to an unpowered state upon estab-

lishing the streaming wireless display connection with
the user device.

20. The display device of claim 17, wherein the streaming
wireless display connection is established during a power-on
sequence of the display device.

21. The display device of claim 17, wherein the radio
communication information comprises at least one of a net-
work address identifier or a pairing key.

22. The display device of claim 17, wherein the wireless
display connection information comprises at least one of a
wireless display identifier or a personal identification num-
ber.

23. The display device of claim 17, further comprising a
second radio transceiver to establish the streaming wireless
display connection with the wireless display device.

24. A non-transitory computer-readable medium compris-
ing instructions, that when executed by at least one processor,
cause the at least one processor to:

detect, by an RFID tag, a signal from a wireless display

device;

initiate, in response to the signal, a transition from a first

power state to a second power state;

transmit, by the RFID tag to the wireless display device,

radio communication information;
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establish, by the radio transceiver based at least in part on
the radio communication information, a radio connec-
tion with the wireless display device;

receive, by the radio transceiver from the wireless display

device, wireless display connection information associ-
ated with the wireless display device; and

establish, based at least in part on the wireless connection

information, a streaming wireless display connection
with the wireless display device.

25. The computer-readable medium of claim 24, wherein
the computer-executable instructions further cause the at least
one processor to:

transmit, using the streaming wireless display connection,

display data to the wireless display device.

26. The computer-readable medium of claim 24, wherein
the computer-executable instructions further cause the at least
one processor to:

determine, for the respective inaudible audio signals,

respective signal-to-noise information.

27. The computer-readable medium of claim 24, wherein
the computer-executable instructions to receive the wireless
display connection information further comprises instruc-
tions to:
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receive, from a user, an indication to establish the stream-
ing wireless display connection with the wireless dis-
play device;

transmit, by the radio transceiver to the wireless display

device, a request for the wireless display connection
information; and

receive the wireless display connection information in

response to the request.

28. The computer-readable medium of claim 24, wherein
the computer-executable instructions to detect the signal fur-
ther comprise instructions to:

detect a magnetic field associated with the wireless display

device, wherein the RFID tag is energized by the mag-
netic field.

29. The computer-readable medium of claim 24, wherein
the radio communication information comprises at least one
of'a network address identifier or a pairing key.

30. The computer-readable medium of claim 24, wherein
the wireless display connection information comprises at
least one of a wireless display identifier or a personal identi-
fication number.



